Autonomous Emergency Braking Systems (AEBS) usually contain radar, (stereo) camera and/or LiDAR-based technology to identify potential collision partners ahead of the car, such that to warn the driver or automatically brake to avoid or mitigate a crash. The advantage of camera is less cost: however, is inevitable to face the defects of cameras in AEBS, that is, the image recognition cannot perform good accuracy in the poor or over-exposure light condition. Therefore, the compensation of other sensors is of importance. Motivated by the improvement of false detection, we propose a Pedestrian-and-Vehicle Recognition (PVR) algorithm based on radar to apply to AEBS. The PVR employs the radar cross section (RCS) and standard deviation of width of obstacle to determine whether a threshold value of RCS and standard deviation of width of the pedestrian and vehicle is crossed, and to identity that the objective is a pedestrian or vehicle, respectively. The performance of the proposed algorithm is pressed via the experimental test data.
Introduction
The majorities of car accidents are caused by distracted driving. This brings the requirement of integrated safety driving systems, including the blind spot detection, parking assistant system, autonomous emergency braking (AEB) system, and forward collision warning system. Euro New Car Assessment Program (NCAP) has indicated that the assessment program will include AEB technologies in its star rating from 2014 [1] [2] . Two of such technologies are the city safety system and collision warning with full auto brake system developed by Volvo. In early stage, these systems used single sensor such as the camera or radar to find objects for further alert [3, 4, 5] . However, these systems cannot provide accurate surrounding localization due to their inherent limitations.
When both radar and vision sensors are used to detect multiple vehicles in front, sensor data fusion approaches are in general classified by their fusion level. A low level fusion approach combine raw data from radar and vision to produce new raw data that are expected to be more informative than the original data [6] . Generally, these approaches, however, require intense computation. Many of hybrid level fusion approaches are to define a region of interest from radar measurements and verify those potential detections by different image processing techniques [7] [8] . This leads to improvement of the lateral position accuracy of the detected target and elimination of ghost objects from radar. Finally the high level fusion uses track information of which objects are tracked independently by radar and vision sensor. Subsequently it matches, associates, and validates the tracks of both sensors [9] . To the best knowledge of authors, however, most of sensor fusion algorithms are focused on detection and tracking problems rather than vehicle recognition problems in the literature.
The purpose of this paper is to recognize whether the detected object is a pedestrian or vehicle with the application of AEBS. The proposed PVR algorithm utilizes the RCS and standard deviation of width of obstacle to identity whether the object is a pedestrian or vehicle by setting a threshold of RCS and standard deviation of width of the pedestrian and vehicle that is crossed. The main contributions of the proposed PVR algorithm are listed as follows: (1) The MMWR can be as compensator when the camera is in failure mode in sensor fusion scheme in both overlap detection area; (2) The recognition rate of object is significantly improved via PVR algorithm; (3) The PVR algorithm combining method of RCS and standard deviation of width of obstacle for AEBS has not been addressed before. Figure 1 . Architecture of the proposed PVR system. Figure 1 shows the proposed PVR system which includes 77-GHz MMWR, MCU board, RCS calculation module, and information of obstacle analysis module. The radar has a maximum detection range of 200m, sensing period: 66ms, an azimuth angle of ±28 and ±18 degree for the distance of objects within 60m and 200m, respectively. 96 objects can be detected and tracked by the radar, and the data from radar is analyzed by the personal computer. At the beginning of the PVR procedure, the MMW radar detects objects and transmits results to the personal computer to implement the RCS calculation algorithm, and obstacle analysis module.
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Problem Statement
To prevent drivers from accidents due to distraction or unexpected road risks, future safety technology such as AEB becomes important to be established. A well-developed AEB technique first requires an efficient object identification function. Although cameras can be applied to construct this mechanism, it cannot identify some objects particularly in the poor weather and light condition. Ignoring these objects may induce some threat to the driving vehicle. Another sensor such as MMWR thus becomes necessary to improve this drawback. Therefore, the considered problem is stated as that how to efficiently recognize the pedestrian or vehicle objects in front of cars using proposed algorithm via MMWR.
Main Results
We describe the principle applied to the detection of the existence of an object by the radar sensor. The radio waves emitted by the transmitting antenna irradiate an object. The waves reflected by an object are received by the receiving antenna. By applying signal processing to the reflected wave, the distance and azimuth angle to an object, its relative velocity, direction, etc. can all be calculated. There is a close correlation between the reflection rate of the radio waves by an object and the distance up to which an object can be detected by the radar sensor [10] .
Radar Cross Section (RCS)
RCS of a radar target is the hypothetical area that is required to intercept the transmitted power density for the target. Therefore, the RCS value can be used as a judgment standard for classified obstacle. The received power of the reflected wave under the conditions shown in Figure 2 is derived from Eq. (1) as follows: 
(2) (3) and : Upper and lower bound of RCS for pedestrian and : Upper and lower bound of RCS for vehicle Furthermore, if the object distance or area irradiated by the radio waves varies, G t , G r , and R will also change. It is thought, however, that many other change factors originated from a change in the pedestrian and vehicle's RCS noted as ρ p and ρ v , respectively. That is, if one can measure ρ p and ρ v correctly, it would be possible to recognize that the obstacle is pedestrian or vehicle, and derive the distance up to which a pedestrian and vehicle detected by the MMWR. 
Standard Deviation of Width of Obstacle
The method we implemented to estimate the width of obstacles is illustrated in Figure 3 . θ is the angle between the vertical line and the obstacle. Note, the θ is provided by MMWR radar with a certain error range of standard deviation. We thereby estimate the obstacle width using Eq. (4), assuming the information is mostly contained within one standard deviation. The standard deviation of the angle to an object from MMWR can be directly obtained from MMWR. Therefore, the width of the recognized obstacles using Eq. (4) can be obtained. Then, the pedestrian and vehicle can be recognized correctly using the following equations:
(5) (6) : Upper bound of width for pedestrian and : Upper and lower bound of width for vehicle Figure 3 . The standard deviation of the azimuth angle to an object from host vehicle.
Summary this paper, the PVR algorithm is illustrated in a flowchart as Figure 4 . 
Experimental Results
In this section, the performance of proposed PVR algorithm is demonstrated by two experimental cases: (1) pedestrian recognition; (2) vehicle recognition. The vehicle as shown in Figure 5 (a), equipped with one active safety mechanisms, was utilized with the objective to verify the proposed algorithm. There is one sensor, MMWR with 77GHz as shown in Figure 5 (b), mounted on this test car. Table 1 shows the upper and lower bound of RCS for pedestrian [11] and vehicle [12] . It is well known that the width of most vehicles in the market is between 1m and 1.8m and the maximum width of pedestrian is about 0.6m. Therefore, the width parameters are chosen as , , and . The distance to detect pedestrian and vehicle from host vehicle is about 10m. 
Pedestrian Recognition
The experimental results for pedestrian recognition at azimuth angle 0 degree are shown in Figure 6 . Figure 6(a) shows that the pedestrian is in front of the host vehicle. It is presented that the width of pedestrian is about 0.4m, 0.7m, and 1.1m for α=1, 2, and 3, respectively, when pedestrian is facing host vehicle, as shown in Figure 6 (b). It is seen that the recognition result of pedestrian at azimuth angle equal to 0 degree is better when using α=1. Figure 7 shows the experimental results for vehicle at azimuth angle 0 degree. The vehicle is in front of the host vehicle (Figure 7(a) ). It is shown that the width of vehicle is about 0.4m, 0.7m, and 1.1m for α=1, 2, and 3, respectively, in Figure 7 (b). It is seen that the recognition result of vehicle at azimuth angle equal to 0 degree is better when using α=3. Figure 7(c) shows that the RCS of vehicle is about 3.5dBm 2 . The results of Figures 7(b) and 7(c) demonstrate that the vehicle is recognized using the proposed algorithm. Figure 7(d) illustrates the detected location of the vehicle.
Vehicle Recognition
Comparisons of RCS and Width at Different Azimuth Angles of Pedestrian and Vehicle
To further analyse the efficiency and feasibility at different azimuth angles of pedestrian and vehicle as shown in Table 2 and Table 3 , respectively. Table 2 shows the recognition results of the pedestrian at azimuth angles 0° and 20° are better than others when using α=1. It is seen that the recognition result of the vehicle at azimuth angles 0° is 1.1m that is within and when using α=3 in Table 3 .
Moreover, the better result can be obtained at azimuth angles when using α=2. It can be conclude that the suitable value of α for pedestrian is 1 for different azimuth angles. The value of α should be changed that the detection obstacle is vehicle at different azimuth angles. 
Conclusions
This paper proposed the PVR algorithm to recognize whether an obstacle is pedestrian or vehicle. The PVR algorithm uses both RCS and standard deviation of width attributes to identify the detection criteria of each experiment. It is demonstrated that the RCS is positive for the car detection while the RCS is negative for the pedestrian recognition. Table 1 lists the lower and higher bound of RCS for each obstacle detection. Although RCS can be varied in response to the change of observed distances, our results can provide a basic insight for ones to distinguish the vehicle and pedestrian. To robust the recognition algorithm, in the future we will consider the more complex road situation.
